This paper investigates bi-directional linkages between the stock and foreign exchange markets of a number of emerging economies. A quarto-variate VAR-GARCH model with the BEKK representation is estimated for each of twelve emerging economies to test for spillovers, both in terms of return and volatility, between the emerging stock market, foreign exchange market and global and regional stock markets. We find significant bidirectional spillovers between stock and foreign exchange markets. We also examine the effects of a country's choice of exchange rate regime, on the one hand, and the Asian financial crisis, on the other, on the volatility spillover mechanism.
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Introduction
It is widely acknowledged that international financial markets have become substantially more integrated in recent years. On the one hand, the collapse of the Bretton Woods system was followed by greater exchange rate fluctuations. On the other, the liberalization of stock markets and capital flows in the 1990s was followed by a huge increase in the volume of cross border transactions in both securities and currencies. The interlinkage between the stock and foreign exchange markets has been a topic of interest of academic researchers and practitioners alike.
References in the financial press on the linkage between return in the stock and foreign exchange markets abound. Noting the large inflows of foreign capital to emerging markets and subsequent attempts by these countries to dampen them, the Financial Times press on the linkage between stock and foreign exchange market returns present conflicting views. Interest on this issue in the financial press is continuous and to be expected given its implications for international portfolio management.
There is a considerable academic literature examining linkages between stock and foreign exchange markets. The flow and portfolio-balance theories of exchange rate determination posit theoretical links between changes in the value of a country's currency and stock prices. This issue has been examined empirically by a number of studies most of which have focused on advanced economies. In view of the increasing significance of the emerging economies in the global financial system, more recent studies have directed emphasis on these economies. The following section provides a brief review of the literature.
Parallel to the literature on the linkage between the stock and foreign exchange market, another branch of the literature has focused on geographic linkages between stock markets. In particular, the mechanism by which shocks in mature stock markets (stock markets of developed economies) are transmitted to stock markets in emerging economies has been the subject of numerous theoretical and empirical studies. The literature on this issue is large and we provide a very brief review in the next section by way of motivating our inclusion of geographic (global and regional) spillovers between stock markets.
Despite extensive research on these interrelated issues, there has been very little work incorporating all of them within a unified empirical framework. The purpose of this paper is to estimate empirically such a framework in order to examine the link between the stock and foreign exchange market in emerging economies allowing for geographic linkages across stock markets. Based on this framework, we provide evidence on a number of hypotheses and test various facets of stock and foreign exchange market interaction in emerging economies.
The paper is organized as follows. The following section is a brief summary of the literature. Section 3 presents the empirical methodology used to test a number of hypotheses and Section 4 the data. Section 5 discusses the evidence from the estimation and tests of the empirical framework and the final section concludes the paper.
Theoretical considerations and a brief literature review of the empirical evidence
Theory suggests two broad channels that link return in the stock and foreign exchange market. The first approach known as the flow or traditional approach (Dornbusch, 1980) focuses on the current account, or more specifically the trade balance. According to this approach, a depreciation in the value of a country's currency affects its external competitiveness and thus its trade balance, and ultimately real output. This will alter the profitability and (expected) cash flows of firms and thus stock returns. According to this approach, improved stock market returns would be associated with a depreciating domestic currency.
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The second approach, known as the portfolio balance approach (Frankel, 1983) , focuses on the choice between holding assets denominated in domestic and foreign currency.
Specifically, it postulates that increases in equity returns increase domestic wealth and this, in turn, will lead to appreciation of the domestic currency. This comes about when domestic residents have a higher propensity to hold wealth in the form of domestic bonds than foreign residents. In this case, the increase in domestic wealth increases the net demand for domestic bonds and the domestic currency appreciates to balance relative (domestic and foreign denominated) bond supplies.
When it comes to considerations of volatility spillovers between stock markets or between the stock and foreign exchange markets there is a large empirical literature. The 1987 stock market crisis in the US and the 1992 ERM crisis in Europe gave rise to one branch of the literature on cross-border volatility spillovers among mature (developed economy) stock markets. Early studies covered mostly the G7 economies, e.g. Hamao et al. (1990) , King and Wadhwani (1990) , Schwert (1990) and Karolyi (1995) . Later research expanded the sample to other developed economies. For example, Theodosiou and Lee (1993) examined interlinkages between a larger set of countries and Lin et al.
(1994) examined differences in the transmission of global and local shocks. Most of these studies found weak evidence in favor of significant stock market volatility transmission among advanced economies.
More recently, cross border linkages of emerging stock markets have been the focus of attention because of the high growth and increasing openness of emerging markets, along 5 with the speed with which a financial crisis spreads. The implications of stock market integration of emerging economies with global markets, emerging equity market volatility, and market integration and contagion were analyzed by Bekaert and Harvey (1995 , 1997 , and 2000 and Bekaert et al. (2005) and yield mixed results. Bodart and Reding (1999) and Karolyi and Stulz (1996) examined return and volatility spillovers indirectly; the former finds no significant linkage between these two markets. Francis et al. (2002) find a bi-directional relationship 6 and Evans and Lyons (2002) find the spillover from the foreign exchange to the stock market to be much stronger than the other way around.
On the whole, the literature finds a significant link (both in terms of return and volatility)
exists between emerging stock markets, on the one hand, and regional and global stock markets, on the other. When it comes to studies on the link between stock and foreign exchange returns and volatility, there is a general presumption for a bidirectional relationship between them. General conclusions, however, are difficult because methodologies, time periods and frequencies of observations are different. For example, Katechos (2011) investigates the underlying relationship between stock markets and exchange rates with currency pairs for seven major currencies and the FTSE All World stock index and finds strong linkages among exchanges rates and global stock market returns. Ülkü and Demirci (2012) study the joint dynamics of emerging stock and foreign exchange markets of eight European countries and the MSCI Europe Index, and find evidence that global developed and emerging stock market returns account for a large part of the comovement between the MSCI Europe stock index and the value of East European currencies and the Turkish lira. Moreover, after controlling for the global index, residual interaction is small, indicating that a significant portion of the stock market and foreign exchange comovements is mainly due to the returns of the global developed market. Walid et al. (2011) investigate the dynamic linkage between stock price volatility and exchange rate changes for four emerging countries and find strong evidence that the relationship between stock and foreign exchange markets depends on the regime for the conditional mean and conditional variance of stock returns and stock 7 price volatility responds asymmetrically to events in the foreign exchange market. It should be noted, that none of these studies has looked at the connection between the local stock market, the foreign exchange market and the global and regional stock markets.
They conduct pairwise comparisons, while Beirne et al. (2010) look at stock market interactions (local, regional, and global) but do not consider the foreign exchange market.
The purpose of this paper is to bring together the various strands of the empirical literature reviewed above within a unified framework. Specifically, we study the linkage between the stock and foreign exchange market of emerging economies both in mean and volatility terms, taking into account spillovers from global and regional stock markets.
Our framework combines all four in a Multivariate GARCH (MGARCH) framework and tests the existence of spillovers among them. In addition, we look at the possibility that the Asian financial crisis and the choice of exchange rate regime affects the volatility spillover mechanism between the emerging stock market and the foreign exchange market. The following section describes this framework.
Empirical Methodology
As outlined in the previous section, the hypotheses of interest are spillovers between the stock and foreign exchange market of emerging economies taking into account possible interactions between these two markets and the global and regional stock markets. 
where R 1,t is the emerging (or local) stock market return, R 2,t is the rate of appreciation of the emerging (or local) currency vis-à-vis the dollar, R 3,t is the global stock market return and R 4,t is the regional stock market return.
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The specification in (1) allows for mean return spillovers among these four markets. Of specific interest in our work is mean return spillovers from global, regional and foreign exchange markets to the local stock market and from global, regional and local stock markets to the foreign exchange market. In estimating (1) we impose the restrictions δ 31 = 0, δ 32 = 0, δ 41 = 0, δ 42 = 0 because we do not expect returns in emerging stock 2 This methodology is reviewed in Bauwens et al. (2006) . The BEKK representation has been used widely in previous work in financial market linkages by, inter alia, Baele (2005) , Beirne et al. (2010) , Bekaert and Harvey (1995) , Moskowitz (2003) , Scruggs and Glabadanidis (2003) and Shields et al. (2005) . 3 For Brazil VAR (2) minimizes the BIC (see Table 1 ).
9 markets and foreign exchange markets to influence returns in the global or regional stock markets. 5 One may also doubt the validity of including both global and regional stock market returns together in determining stock market returns or foreign exchange returns in (1) . We have tested the hypothesis δ 14 = δ 24 =0 (the regional stock market should not be included in the emerging stock market and foreign exchange mean return equations) and found this hypothesis to be rejected in the majority of cases (results in Table 2 ).
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The restricted version of (1) in matrix form is
where R t =(R 1,t ,R 2,t ,R 3,t ,R 4,t ), 
The BEKK representation guarantees the positive definiteness of H t given by a GARCHtype structure or 5 While these restrictions make intuitive sense, we conducted formal likelihood ratio and t-tests on the validity of these restrictions and found them to be valid. 6 We have also restricted δ 34 =δ 43 =0 such that the global and regional stock market returns follow AR processes.
The BEKK representation in (4) decomposes the conditional variance-covariance matrix
H t and models it as a function of past values (H t-1 ) and innovations of past values
(e 1t ,e 2t ,e 3t ,e 4t ). This representation can be used to test volatility spillovers as will be explained below.
Similar to the restrictions imposed on mean return spillovers, we impose restrictions on volatility spillovers. Specifically, volatility in the emerging stock market and foreign exchange market does not affect global or regional stock market volatilities, and the regional stock market volatility does not affect the global market and vice versa. 7 The restricted form of (4) is given by Estimation of (5) focuses on two questions: (i) are there volatility spillovers from the global, regional and foreign exchange market to the emerging stock market and (ii) are there volatility spillovers from the global, regional and local stock markets to the foreign exchange market?
Given a sample of t = 1,….,T observations of the vector R t , the vector of unknown parameters ) ( is obtained from the conditional density function
The log likelihood function is:
We obtain Quasi-Maximum Likelihood estimates of the parameters and standard errors assuming the log likelihood function to be conditional normal (Bollerslev and Wooldridge (1992) and Gourieroux (1997) ). The various hypotheses concerning volatility spillovers are tested by estimating the conditional variances of: (i) local stock market returns (h 11,t ); (ii) foreign exchange market returns (h 22,t ); (iii) global market returns (h 33,t ); and (iv) regional market returns (h 44,t ). The exact form of these conditional variances is in equations A1, A2, A3 and A4 of the Appendix.
Data
In order to compute stock market and exchange rate returns, we use weekly data from the Emerging Markets Database (EMDB) of Standard and Poor's that cover the period 06/01/1989-15/08/2008 (1024 observations) for twelve emerging economies in Asia (India, Korea, Malaysia, Pakistan, Philippines and Thailand) and Latin America (Argentina, Brazil, Chile, Colombia, Mexico and Venezuela). 8 The choice of these emerging economies is dictated by data availability in terms of length of coverage: these 12 are the emerging economies for which sufficiently lengthy and continuous weekly data are available to enable estimating long run links between the foreign exchange and stock market. Moreover, these are some of the most economically important countries in the emerging world.
Stock market return for country j is computed as R j,t =ln(P j,t /P j,t-1 )*100 where P j,t is the stock market index for country j and is denominated in local currency. The global market is approximated by the S&P500 stock index from DataStream. The global stock return is calculated the same way. The exchange rate for currency j, S j,t , is defined in dollars per local currency at time t and, therefore exchange rate return or ln(S j,t /S j,t-1 )*100 is the rate of appreciation of local currency j at time t relative to the US dollar.
To measure a regional stock market return we construct a weighted average return of each emerging economy's local region (or neighborhood), be it in Latin America or Asia.
We refer to this as the Neighborhood Trade Weighted Return or NTWR. For each Asian or Latin American economy it is the trade weighted sum of stock returns of the other five countries in the region or ) ( 
Hypothesis Testing
We test a variety of hypotheses concerning mean return spillovers (causality-in-mean) and volatility spillovers (causality-in-variance) between the emerging stock market, the foreign exchange market, and the global and regional stock markets.
First, we test the presence of various conditional mean or return spillovers as follows:
existence of mean spillover from the foreign exchange to the emerging stock market.
Hypothesis 2: Ho: δ 13 =0 Η 1 : δ 13 ≠0
existence of mean spillover from the global to the emerging stock market. existence of mean spillover from the regional stock market to the foreign exchange market.
Second, we test the presence of conditional variance or volatility spillover as follows: existence of volatility spillovers from the regional stock market to the foreign exchange market.
A likelihood ratio test is performed to test each hypothesis of the general form LR = -
where L R and L U are the values of the restricted and unrestricted (equation 7) likelihood function.
Discussion
Regarding hypotheses 1 and 4 we find mixed evidence for conditional mean causality or return spillovers between the foreign exchange and emerging stock markets (see Table 5 -Panel A). In five countries there is no evidence of causality in mean, in six countries there is unidirectional spillover and only in one country there is bidirectional spillover (Brazil). In four countries (Venezuela, Korea, Philippines and Thailand) there is evidence that foreign exchange market returns Granger cause emerging stock market returns while in two cases (Mexico and Pakistan) Granger causality is in the opposite direction. In all (but one) cases of significant Granger causality, stock returns and domestic currency appreciation are inversely related. Regarding the hypothesis of conditional mean spillovers from the global/regional stock market to the emerging stock market and from the global/regional stock market to the foreign exchange market (hypotheses 2-3 and 5-6 respectively) the evidence is also mixed. Relatively more significant effects are found for hypothesis 3, namely positive conditional mean spillovers from regional market returns to local stock markets returns for six emerging countries.
When it comes to volatility spillovers, on the other hand, we find strong evidence in favour of causality-in-variance (hypotheses 7 and 8) between foreign exchange and emerging stock markets volatilities in almost all countries, and especially Asian countries (Table 5 and unidirectional volatility spillover for two others (Venezuela and Chile).
Furthermore, there is strong evidence of volatility spillovers from global/regional stock markets to the foreign exchange and emerging stock markets. Table 6 Following on these findings, an interesting hypothesis arises: which of the two effects, global or regional, is larger in magnitude? Previous studies have not tested this hypothesis formally. In Table 7 we perform a Wald test for the equality of coefficients of the spillover parameters in the volatility equation (5) (or equations (A1)-(A2) in the Appendix). The general conclusions are, first, that the transmission effects from regional and global stock markets to emerging stock markets are significantly different for ten of the twelve countries. Second, for these ten countries, the regional effect is larger in magnitude for seven and the global effect is larger for the other three. Third, the results for the transmission of volatility from regional and global stock markets to foreign exchange markets are mixed. The effects are significantly different for seven countries; of these, the regional effect is larger than the global effect in four cases. In sum, spillovers from regional stock markets to emerging stock and foreign exchange markets are larger in magnitude than global spillovers for the majority of emerging economies considered.
Finally, we test the robustness of the results to a different measure of regional market returns, by computing a more naïve measure namely the Neighborhood Average Returns (NAR) index. This is similar to the NTWR index but we calculate this as the simple (not the trade weighted) average of returns of markets within a region. Results using the NAR as a measure of regional market returns are similar to those presented above. To examine whether, following the onset of the Asian financial crisis, there was a change in the volatility spillover mechanism, we modify the model in (5) by adding a dummy variable (denoted AD) which is equal to 1 after July 4 1997, and is zero otherwise. This allows us to examine shifts in the parameters that capture the transmission mechanism, so that the parameters shift from α 21 , β 21 , α 12 and β 12 before the crisis to α 21 +α 21αd , β 21 +β 21αd , α 12 +α 12αd and β 12 +β 12αd after the crisis. In this respect, we follow Forbes and Rigobon 
The effects of the
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The variable AD in (9) controls the parameter volatility spillovers before and after the Asian crisis as described above. Before discussing estimation results, we test the significance of including AD in (9). The likelihood ratio results are in Table 8 ; the null hypothesis (i.e. exclusion of AD) is rejected in all cases.
The volatility causality results from the estimation of the model in equation (9) are in Table 9 . Column 1 tests for shift contagion from the foreign exchange to the stock market after the Asian crisis by testing the hypothesis α 21αd =β 21αd =0 (see equations A21 and A22
in the Appendix for the exact formulation of the conditional variance equation). Column 3 tests for spillovers, in general, from the foreign exchange to the stock market over the complete sample period by testing jointly whether α 21αd =β 21αd =0 and α 21 =β 21 =0. Columns 2 and 4 repeat these tests to examine volatility causality in the opposite direction, i.e.
from the stock market to the foreign exchange market. Results show evidence of shift contagion from the foreign exchange market to the stock market in all countries (except Colombia) and from the stock market to the foreign exchange market in all countries.
Moreover, volatility spillovers from the foreign exchange to the stock market and vice versa are significant before and after the Asian crisis in all emerging markets (except Colombia).
The question then becomes whether following the onset of the Asian crisis volatility spillovers increased or decreased. This can be addressed by comparing and testing the differences in the estimated coefficients on volatility transmission before and after the Table 10 reports differences in the estimated coefficients capturing volatility transmission in both directions. Our general conclusion is that, following the onset of the Asian financial crisis, the experience of the Asian emerging economies is quite different from that of Latin America as regards the volatility transmission mechanism. In most cases, volatility spillovers between the foreign exchange and stock market decreased in Asia (eight of the twelve differences are negative) while the opposite (they increased) is the case for Latin America (nine of the twelve differences are positive). In the years Our purpose in this paper is not to contribute directly to this debate. Rather, we focus on how the choice of exchange regime affects the transmission mechanism between the stock and foreign exchange market of emerging economies. Specifically, we address two questions: (i) does the choice of exchange rate regime shift the level (or constant) in the stock market's return and volatility equations? (ii) does the choice of exchange rate regime have an effect on the transmission mechanism or dynamics between foreign exchange and stock market volatilities?
In order to answer these questions, a scheme for classifying exchange rate regimes is necessary. We resort to the large literature on this issue and employ an existing (and 22 widely used) classification scheme by Ilzetzki et al. (2011) Table 11 . The actual exchange regime based on this classification for the emerging economies in our sample is in Table   12 .
In the first place, the regime variable (RD) is inserted as an intercept shift in the stock market return equation (1) and the stock market volatility equation (4). This is because we want to test whether regime choice has a significant shift effect on average return and volatility in emerging stock markets. In addition, RD is interacted with the parameters that capture volatility (α 21 and β 21 ) in order to check whether exchange rate regime changes affect the transmission mechanism of volatility. Specifically we estimate the following model R 1,t = α 10 + δ 11 R 1,t-1 + δ 12 R 2,t -1 + δ 13 R 3,t -1 + δ 14 R 4,t -1 + w 1 RD t + ε 1,t First, we test whether regime choice has a significant shift effect on the constant of the equations for the mean and volatility of emerging stock market returns, or a test of the null hypothesis w 1 =0 in (10) and ξ 11 =0 in (11), respectively. for Brazil greater exchange rate flexibility is associated with a higher level of average stock returns while in Venezuela with lower stock returns. Exchange regime choice has a significant shift level effect on stock market volatility in five of the ten countries. Our general conclusion is that greater exchange rate flexibility is associated with greater volatility of stock market returns: this is the case for four of the five countries (Brazil, India, Pakistan and Philippines), while only for Thailand is greater exchange rate flexibility associated with lower stock volatility.
Next we examine if exchange regime classification has a significant effect on the dynamics of stock market volatility transmission by focusing on the parameters capturing 11 Estimation was not carried out for Chile or Colombia because there was no change in regime classification throughout the sample period: both countries were classified in the intermediate regime category throughout (see Table 12 ).
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volatility transmission from the foreign exchange to the stock market (α 21rd and β 21rd ) in equation (11). Exchange rate regime is significant in the transmission volatility mechanism from the foreign exchange market to the local stock market volatility in all cases except India (Likelihood ratio test results are in Table 14 ). The difference in coefficients capturing volatility transmission from the foreign exchange to the stock market including RD (α 21 +α 21rd , β 21 +β 21rd ) and excluding RD (α 21, β 21 ), is in Table 15 spillovers are associated with more flexible exchange rate regimes and a negative difference the opposite. For the majority of countries in our sample, more flexible exchange rate regimes are associated with higher volatility spillovers between the foreign exchange and stock market: this is the case for six of ten emerging economies (Brazil, Venezuela, India, Korea, Pakistan and Thailand).
Conclusion
The aim of this paper is to investigate bi-directional return and volatility spillovers between the stock market and the foreign exchange market of twelve emerging economies. In addition to the emerging stock and foreign exchange markets, the model incorporates spillovers from the global and regional stock market.
Our analysis shows that there is strong evidence of bidirectional causality in variance between the foreign exchange market and stock market in all emerging economies but Colombia. Global and regional stock markets also contribute significantly to volatility spillovers.
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Using the notion of shift contagion, the Asian crisis has had a significant effect on the volatility transmission mechanism between the foreign exchange market and the emerging stock market (in both directions). In addition, more flexible exchange rate regimes are associated with higher volatility spillovers between the foreign exchange and stock market for the majority of emerging economies in our sample. 
APPENDIX
Conditional Variance Equations
The conditional variance equation of local stock market returns (h 11,t ) is 
The conditional variance equation of foreign exchange market returns (h 22,t 
The conditional variance equations for global and regional stock returns remain the same as (A3) and (A4) above.
In Section 5.4, we considered a model that incorporates a dummy variable RD to capture possible shifts in the volatility transmission mechanism from the choice of exchange rate regime. In this case, the conditional variance (h 11,t 
The return and variance equations for the foreign exchange, global and regional stock returns remain the same as in equation (1) and (A2), (A3) and (A4) above. (1) and (4). Critical values for 1%, 5%, and 10% are 9.210, 5.991 and 4.605 respectively. *, **, and *** denote significance at 1%, 5%, and 10% respectively. (5) and (A1)-(A2) in the appendix. "+" means that ∑((α 31 -α 41 ) + (β 31 -β 41 )) > 0 i.e. the global effect is larger in magnitude than the regional effect and "-" means that ∑((α 31 -α 41 ) + (β 31 -β 41 )) < 0 i.e. the regional effect is larger than the global effect. The Likelihood Ratio test examines the null of no causality in variance from foreign exchange to stock market volatility in equation (A31) in the Appendix. Significance at the 1%, 5%, and 10% level is denoted by *, **, and *** respectively. 
